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(54) ORGANIC EL ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reliable organic EL element 
with low driving power voltage with element reliability such as 
suppressed leak obtained from the use of an insulation layer or a 
resistance layer as a hole injection layer and with shortcoming 
prevented of increase of driving power voltage. 
SOLUTION: The organic EL element is composed of a hole injection 
electrode 2, an electron injection electrode 8 and of one or more 
kinds of organic layers 4, 5. 6 between these two electrodes. At least 
one layer 5 of the organic layers has a luminescence function, and an 
inorganic oxide electron injection layer 7 is arranged between the 
organic layer 5 with the luminescence function and the electron 
injection electrode 8. The inorganic oxide electron injection layer 7 
contains molybdenum oxide as a first component and contains, as a 
second component, one or more kinds of metal or metal oxide with a 
work function of not more than 3 eV. 
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(57) imm 
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^6320 02-3677 84 



mmim^t^L. m2J«5^i:LTtt*M»3eVUlT<D 

5Ra 1 *f=l* 2 E L SJ^. 

m 2 fift»0#*a(i 1 " 7 0«:«%-C&5i»«S 1 ~ 3 

2 fiE»(0#SfiE^^eH-|CJt L 0 . 1-16 fl»%1?ft 4 

ajRjs 1 ~ 4<Dl^■rtlJ!l^(o*aE L«^<, 

[0001] 
[0 0 0 2] 

X*?- (BIT, ELjR^iraSr) *ffll^fc-T/WXA<;t 
S**tTL>S, ELmiF-(-l±^aEL3R^-i:»«lELi!l 

<fy. 2 0 V8JS(n«mE-Cffil|-rSCi:A<-t?#«>i:l^ 

[0 0 0 3] ^aEL3RT<7)«jgi:LriiiEfl,;:SAm« 

[0 0 0 4] 2S)y±a)«iit LTIiiEJlJiA^ 

[0 0 0 5] c4xP>^«EL«^-irfct^r. mmmun. 
nTii9imii<^mm9tmizii^^mskt 

itztha);i\mi)<£fWizUi>o 

[0 0 0 6] C4l$-C(»3R^-r'«^-^Jt)I*a<iiA-ri 
«B8BB6 3-2 9 56 9 5^»aT'a'<b*l-C 



1^, m'f-'ffUy^izmmtiztofitL^tmikmxm 
mzmmt^*ixi^h. 

[0 0 0 7] CtlSatf-f'Sfcttl-. 1#Ba¥5-12 1 

1 7 2^i^a-ei*, tt«MSS-e$ffi'S*at?fc*T;u 
5 11 Ale. «tt*Bi»*a-efcS'j?^':7A$sBttiur 
3es<kLf=^*$«^aAiifrs»-e, a*A<aL^a 
^■aAJi*f^»Lros. 

[0008] LA^L, i^gg¥5-1 2 117 2^i^«[-C 
giSS^O. 1%jyTI-Si|ffll^^!&SA<**A^ T;U 5 

[0 0 0 9] -:f5. m^jiAa!iSi-fi*iS7^u*g*« 

SSeSdttffl-rSaiC. ^IW¥9-1 7 5 7 4#i^«-C 

^wzm\ti>^mt<m7F$itxi^i, la^l. t^u:^ 
'j*s<b^«5i*i»attA<ii!<, tr«i:Lrm^^t.<. 
*fc^3ta)i»i*i!Ji*f;^A<iecyAs-r<«iBu-hA<:i^3e 

#a<b^«)OS(EttA<at^fciftlc, IIS;t«-htS(EL 
T/1?-K0«fiA<fiCo-CL*l\ iI«fi£ISA<a»T-J5 

^. wa>J:^)^^a)iA^b5Sl=iaffl-rs^^li««>ril 

LL^<DA<attr•fc'S), 

[0 0 10] ^tzs ^682000-2 1 598 3^4^81 

a»taa)«i«ia^-;'SASic7;u*'j#aif<D«f± 

»M»*a*^**1i-«t(0A<4b(!fl**irt^S. C©'/J 
li, IMiigA!l>nl<-J»l.'A<SI|-e»S9^J:^'A^^. 

i: L,rx/^y^j^$fflt^§^^5A<fel)A^ x/<y^jitt 

y > - V $ # it * ¥ A<«1 f. *i,r t ^ €. , (sputte 
r deposition of cathodes inorganic light emittimg 
diodes. LS. Hung. Jourmal of App I led Physics. Vol. 
86 No. 8. pp4607-4612. 1999) Z<Dtzlb. Sa*r-fc5 

*aE Lm^iift^t^:f5^t Lx\t^mx-S)i. 

[0 0 1 1] ^882 000-23 58 93#'ii«-CliS 
K Ge. Sn, Pb, Ga, In, Zn. Cd, Mg 

<D*;w3y-^-f K$fc(*cnf>a)S<bi*4:, a^was 

A - 8 ISSOIb^l* ^ L fc^fliaiKl $ ITLJiAH. 
a?-2EAHUfflL>r3ai*A<fit»««EL*^-£<*M-r*^ 

t?l*, ■¥>l*y^ll82 0 0 0-2 1 59 83^i^«i:l^«l 
IZ. 7.f^-j9mz»oflk^^<D¥;^-i>i)mif!i>hU 

i*««lB3tliro««*ric«Lra»T?ft6*3itT?ii!& 
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[00 12] 
[0 0 13] 

ffifa«ciaia±o)^«si:^*L, 'pu<ttf!!im^m 

( 2 ) mem 1 m^a>«mi£&BiS4b«9». isib^ 

■y^>vhi±'Si (1) ©*fiSELiRT, 

(3) flt[ism2fig»(i. 7;u*u#a-cfc4±ia 

(1 ) *fcli (2) (0*«EL|R?-. 

(4) IIIr!B«l«lfi<b«jmT;^AIilr^«*4t4«2>« 
^^(D^^aiil ~7 0{*«%-C*S±lB (1) ~ (3) 

( 5 ) mmm 2 ^^(;)#«aii . m i ^ m 2 
(1) ~ (4) fl)t^r*iA^fl)*aEL«T. 

[0 0 14] 

[Iieq»a>|gti5a)i^9§] ;«:%n(0««|ELK$'7-li. S<S± 

iciE?L;-iAaai:a^-aAm«t**L. cnc>a)aa 
raiciB)a±a)^a®$*L, '>^f<i:tsri£^«ii<o 
iiii*i63t«it6$*LTfc^y. mEm^JtAiffitiiirffi 
««ia^(DrBii=#assfb«9ii$WL. co)#ai!{bi^ji 
iciimij£5^^Lr«%t$^aiftib«j, iif^L<ttmt 

^•j:?x>^^^L. m2fiE5^i:Lrtt*Bia3. OeV 
iaT<7>#B^frl;i:«BiS^b1«$ i aSii£l±#«LTi'i 

[0 0 15] c:a),j:9i-. ai j*»A<lft<b^';:^^>?? 

^m^-^^iitizt-e. m^aA«!i*A<a<<sy, « 

[00 1 6] muA^^Lr^Sift^blA. SI2f£^^L 
[0 0 17] &Bil)1b«9l={Sti:«ia«(#B$;ld-r«C 



^tt. 5i2;ii/><!Ki'ett»ga«i^B$$£^b$-^-4ia<i 

^l'3ll>W<l&ofc. cci=, ^Bifi^b4«$ftltta?-,'£ 

So 

[0 0 18] mi&Miti!iin^iixm{zmi^i>^mmit^ 

U < li«mi$^BSI^b1«$IBl'4^A<S'f ;'£A^S 

[0 0 19] :^%q^lcjbMtS9mti&Bii1b1^^li. $7 
*L<l*tt«taA<1 08 Q . cmJaT-CfcSCt^ltffl 

tL. ±!B, ia»taa{Sim^;■iA®cDe^/)^b. 

»$L<iii 0-2 Q • cmja±a)tkftfit$*-r«>t(D 
[0 0 2 0] ««tt*BII<b«5tLri*K<bt'j:?T> 

(M003 ) . mt/^i-'j-^iK (V205 ) , mitxx 

(Sn02 ) . K^bm-ffl (Cuo) . tiiiUm-m\t 

5^51 > (T i o) A^^,a^?$4^SL^-r^tA^<»K^b1^!lA<>f 

(M0O3 ) AmicS^Lt^ 

[0021] K<b^'J:^T^> (Mo 03 ) li, IE 

&B^<S{l:9i9tt&BA<»^i&$n. $S^b-r4n#«< 

[0 0 2 2] ^^^3. ±!B<DiSib«5(*!g>-rut1b¥fiilia 

±Ea)K<bift^jsa.?f^t5ii-rtfitv iia.^^t?i±*«# 

[0 0 2 3] m2fi£i^-C'fcStt$Bia3eViaT(0^Bt 
LTIi, Cs, Rb. Na, Sr. Li. Ba. E 
u. Yb. Co, Pr. Sm. I. *5 J:t^C a A<^(f b 
*xi»A<. a!l*(Oa^A^f>l*L i . Na. K. Rb, fc,*: 
U:Cs<D7;U*'j*aA<»*Lt^, m2fi|^J'(7)tt9B8a 
liSeVlJlT. «IC2. SeVlUT-Cft*. -tOTKtUT 
li'h$LMS4:*»*L<. ^lciaS*n4ta)-CI*^iO 
aa2. OeVSS-efeS. 

[0 0 2 4] z<Dmmstit^m-fi.\mi~HHhmz^ 

±J«»IC«LT1~7 0<*a%, »IC3 0~6 0 
U^). 7 Oi$:«%lU±-Cli#aift4bSl= J: 4S5»ei(S|± 

[0 0 2 5] a2fi!i»(D#^a(*. mifiE^ta 
2rt»a>*art»a>18tH::«Li*. »*L<i*o. i~ 



(4) 



^832002-367784 



1 6afi%, ^ic4-i 2fift%"eibS. 

[0 0 2 6] «2/a5^(i««t«IClS-(=»«LTt^4)&5 

ltU<. ISI¥^ia)lc«LTi«^*fi>«<!:^^orLNTtJ: 

[002 7] ?f>l-. ^«K<b#)m^jiAlli;ii. n=. 

m^tLX. T;U5-'!7i» (A I ) , > (T i ) . 

(w) . (Mo) If. lt»Sii 

0-2Q • cm^UT<D*ll$^*LrL^Tt<fcL^ CO)* 
m~1 0-2 Q • omO)mmtUi>^=HZ-^^miVi& 
[0 0 2 8] a=J«»*^«*#4CtlCj:y»gt** 
*lt9A<tTX. «aELi)l^a)ffi«iaE*«T-rSCi:A< 

[0 0 2 9] mimiti/nn=¥-^\m<Dmiis-tLxit. » 

*L<I*. 0. 3~30nin. cky»$L<l*1 -1 Onm 

[0 0 3 0] ±ia«i«ii6ibl35a^;tAlsa>ffS:^sii*;^ 

[003 1] ;$:|fi«a}««lE LUt'fli, mjiit. 19 1 (c 
^-r J: 1 /iE7l;'£AS«E2/^«IA»laIEIl;:£ 

AS 3 /lEfl,;'* A«jiS 4.^1 OTfgJtS 5 a 2 <D 
fSi^asb. m'Fl£Affti£S6/il«|j|1b1^m'F;:£Ali 

i^i>^mmtLxt^i\ mmmmt. w^^nmrn 

It. jETl,^Aif)i£l. m'F;'£A^iliaifA<»S 

'jkm«k. jEKm^mma^imz-itzmmmmtLxi, 

[0 0 3 2] iEfl;^AStS««l*. E?LJS ASIf^Ifl, 
*Ja*J:<iSA-r*Cta)rt4t<D*<»*L<. f±» 
B8»4. 5eV~5. 5eV<0l«jHA<»$Lt^, 
ri. fflK-:'l8<b'r>v'l7A (i to) . at8K--^i8 

^b-Ov-^A ( I ZO) . Kib-Ov-t^A ( I n 
203 ) . iSHtXX (Sn02 ) tSiiUmitWn (Zn 

t^. I n2 03 l-W-rSS n02 (Dil^ttl*. 1~2 0 



ZO-e<0I n2 03 lZisithZnOa>f&-^ttit. MM. 
1 2-3 2HS%8Sr&-5o 

[0 0 3 3] T^^Diytti-rfflom^ii. ^tK^s^i^isi. 

ii«4 0 0~7 0 Onina)3[fi(Ditlz>Hr€»3feSja*A<5 
0%ia±. *t)(Cl48 0%Jsl±. t$lC9 0%lil±-Cfc4 

[0034] W&Omm. 50~500nin. ^ICSO 
~3 0 0nm(DeH*<»*Lt\ ttz. •E-(0±[Rli^(z*i| 

[0 0 3 5] S^JiAmffili. ^«m^-=lAte2llt<0 
ja<?f^*5li-e(*. «tt?BI»-CS?-;tAtt$«Lrt^S 

Al. As. In. Ti, Cu, Au, Mo. 
W. Pt. P d fcJ;t/N i . f^(CA I . AgA^bSS?* 
il-g 1 mttz\t2 9^<D±m7imi)<iif^Ll\ 

[0 0 3 6] cti^mf;'£Ama(Dii$tt, s'f^Aitt 

m^-Jt A«2IHICJ|. jt Z t<DXti-^&L±<D\?.i t 
■rti(SS<. 50nmjy±. »*L<(*1 00nnilil±i:-r 

Hii^iK ttz. i:<D±mmizitnizmmitui^f}K m 

«)SJ5I* 5 0-50 OnmSffi t -rtLli J:t^ 
[0 0 3 7] *aiEL3(S?-$:*ft(ti<D*»^Jt* 

^>fl&Mi (y— ?;^;K-> hi:Bf'S>) (Dfl^lrfii^jfelbSWl 
«ljr'SCtA<-Ct€>. fiiaiKli. S i N, Si ON, S 

i 02 . A 1 203 m*.itm±mtfimi^mm^Li\ 
[0 0 3 8] ^mmomm^^tLxit. mmii. x/< 

[0 0 3 9] $f=. *«ELIR^-^ft81|Lfca, 3?!^* 

:(ta«(cii8-r c t < «aia £»js-r s c t l 
fkamoimt^tLxiti^izmf&ihittovitui^ 

A*, 1 OO-SOOOnmt-ritil^ CSHIS<OJ?**< 

c*tj:yait^<!:*«-®±fl6*<«TL, ys L^<t« 
[0040] liAva^ ftaa^ i»-^tz±P^<D9 

t^tLXlt. nizmmtUl^iiK ffl«5 0-5 0 0nine 
[004 1] ■^)HZ. ^ISlEL«^(0«««j)llCOt^r» 
[0 0 4 2] *fEM(rA^A^S^«IELtR^I*, '>^f<i: 



(5) 



^882 0 0 2-3 6 77 8 4 



-SO^tStfiHtmifi. ^ti < t ^mUl^ L780mi(DiitK 

CO 0 4 4] *fE?3(r^JL^T, < i: t-®<»^«f6 
JtSA^ 430nni)S:t>L650ninJaT<D51«Lfcf63t;^'<^ h 

i^*^■r46fe«6*^J6■r-6J:3lc«fie*tlTL^st, 

[0 0 4 5] *ll?Blc*>t^T. ««l§3tSli. iE?L«liSI 

iE7L^^J:t;m?■(nl^^2l8lfi6^^b^^l3iE^lJ3<»:t/m^F• 

[0 0 4 6] *«l65tSO)?nx h«!iat Lrfflt^^)*lS 
iEfL«JiStt<l:^«)i:Lri*, h 'j T y-;u^i9t*:. 

[0 0 4 7] h'J7xzi;ui?7 5>S|j»tt:(;)filli:tT 
T5>^^t^LK'J7I-J^i/r5>: TPO) ]6<i:<lCtf 
[0O4 8] -f h77'J-;U-<>i^->><b#13j (TDP) 




[0049] 

[1bi] 




[0 0 5 0] 
[<b2] 




[0051] 
[<b3l 




[0 0 5 2] *aifl3t®(D/nx htftfli: L-Cffll^bH€> 

a^-ttatt<b^«ifc LTi*, 'J >a3n*3!i<*f* l < 

«|ji**-r4 h'JX (8- + y'J-*-h) T^l/S-'t^A (A 
Iq3) *<»$L<ttffl**l*, ^x^iUr^h? 

[00 5 3] 
[<b4] 

[Alq3] 



[0 0 5 4] *ltWlr^J^,^r, *a«jt»i4. iE?i«iai 

[0 0 5 5] *«W»r)!»^A^I>*ttEL«^-l4. »* 



[0 0 5 6] 4:«WlCfcL^r. K-/\'>Kt L-C#«$ 
•fr-SSifettatLrtt, fctitX, ^IBBB63 -264692# 

«J. -^VjvSib^l*. +:*-^'J K>S{b^«!. vv7 
y > ^>ue7 >S1b&14|)Si:«)<b^«SJ: y )S4»A>f>a 

tfti«iai«i±a>ib#«i]»<«7$ t < mmv^i>. 

[0 0 5 7] :fintR\z»^L<&m-Cth^Ht1Dm<r)9t 

[0 0 5 8] 
[<b5] 



(6) 



^8920 0 2-3 67 7 84 




[0 0 6 2] ?blc, *^?qlzfcL^rl*. ^692000-26 
334^i^afc J: i;^g82000-26337^i^aic!e« $ ^IT l^ 

[0 0 6 31 *fl?3lc^5t^r. K-/\*>h<!:Lr#*$ 
[0 0 6 4] 

[<b9] 



(I) 



[006 5] SC (I) iZfet^T, R' ~r4 l*-e-4t-F*l 

[0066] r1 ~r4 -ca^HSry— ;ustLr 
I*. *BstL<iiitai<Dt<D-e&oTj:<, «s^a^f>a 

lll^t#^*lS. »ei«a(*, 6-3 0<Dtfl)A<»*L 

[0 0 6 7] r1 ~r4 t»«**l4T«J-^U»4:Lr 

I*, »*L<(i7i-;i/S. (o-, m-. P-) h'J 
^m. fU-;i/S, '<'JL/^;uS. aa;^zl;^S, (i 
fcJ:u:2-) -J-^f^/uS. T>h'j;u», (o-. 




m-. P-) t*:7i-'j;uS, ^1— :7i-;uS. 
>h'j;u*if -eft's, 

[0068] r' ~r4 ■QBLi^h.i,7% / ^tLXit, 

/»l|LN-r*l-Ctai^ CHbl*. ^K««t1 ~6(7)l!i 
Wis. -'4a<D3fS«l^mE8$*1-^ 

[0 0 6 9] ri ~r4 -ea^ti-sffisastLrtt, 

'^xPH^tLTO, N. S^#*r45a^f=(i6M 
S{a>^#«IISi!IB8S. j3cl:i;%jRSk2~2O0)fig#»a 

[0 0 7 0] r1 ~r4 T?S;**i5ril'^-^U»i: LT 
I*. '><f<i:tiaiftS«>l oic7i-il.S*«r« (1 
fc<fei;2-) 7i-;i/7';u^-;i'Ss (i. 2-, 

fcJ:t/2. 2-) ■iJ^i-^uryU'^-JUS. (1. 2, 
2-) h'J7i=.il.7>U^=;i'»t|A<»*LL^*<, 

[007 1] 5?S8ia[*Bssfc<j:{/ig^^a5?saiini 

stun*. filliLlf^x^;uS, 7'J;i/«, eo'j;!' 

[0 0 7 2] Rl ~r4 *<agi«$«-r-5«^, Ctlb 
<Da»S«) 3 ^CD'>)S < i: t 2 0*<T 'J 7 5/ 

fflJRa»^>^^:^;7;^^-J^»l=ol^Tl*±ER1 ~r4 

[00 7 3] r1 ~r4 fl>a«»i:'i«»7'J-Q+i/» 



(7) 



^882002-367 78 4 



A<»*L<, (o-. m-. P-) yxJ^ 

[0 0 7 4] ^tlbS^S0>2|ia±/)<ll3^ES$)^j£U 

[0 0 7 51 Rl ~r4 A<S»»^«-r*«^. '>'j:< 

1 1 -ero 2 aia±*<±!Ba«s^ *-r 4 c t L 

1 tR4 . r2 i:R3 {t^h^timC^OXSiiZttfi 

[0076] Rl ~r8 <D5t.©'>'S< ttsa 

ia±. J:<-Jff$L< li6aia±A<I^S»$fcl^a»S$ 

[0 0 7 7] r5 . r6 . r7 H^lfRi ^h^iti 

*i(i*fclia«li^^L•tt^•ctaL^T^^+/^S, T'J 

to 

[0 0 7 8] r5, r6 , Rl iS^lSR^ xm^tl^T 
)l^n,^kLX{t. S4*»*<1~6a)t,<D*<»*L<. 

( n , i ) tf /US. (n, i. soc. tert) 
-:?^;US, in, i, neo, t e r t ) -'O^/U 

[0 0 7 9] r5 . r6 , r7 fcJ;t;R8 T'«*HS7 

~r4 dym^^tmmx&i. ttz. rs tR6 , r7 ^ 

[0 0 8 0] *fEWI-fcl»r. K-/<>KtLr^^$ 
[008 1] 

^^t^ 0] 




[0082] 




[0 0 8 3] -®<D*fflf63tS$^lt51S^. 

ife®A<, 2aju±a)c4tc.o)a3tit«ia*#i^, 2«fei± 

[0 0 8 4] :^^mziil^X. »»l6jtSlcfcl+S K- 

ha)#*aii, 0. 0 1 -'2 0Sa%-e&4ci:*< 
»*L<, *f)irtf$L<(i, 0. i~i5aa%t?* 

4. 

[0 0 8 5] *«M(::fcl^T. ^^^9tm<Dmt^\tt< 

J: or t a^, 5~500nni, 
»*L<li. 1 0~3 0 0nm-eib§o 
[0 0 8 6] :*:f6Mlc^5L^r. -®ia±a)*«|g}ts$ 

fcy, ftftMlcti, 1-8 5nm, »$L<l*5~6 0n 
m. ?f>l::»*L<l*5~5 0nni-ei&4. 
[0 0 8 7] 4t«M(Ci3l^r, »*L<(*. *«l«3tli 

[0 0 8 8] *IEWICj3t>r, ««IJ§3tB$, aJtlC* 

1x1 o-4/<x*/naT-e, flS#as^ o. o i - 

[0 0 8 9] *«MlrfcL^T> »$L<li. ««lfl3tS 

[0 0 9 0] ii»9t!ftmtfi. mKHi^mt^^t^^^ 
i*«ttMics»<f«jHt»j^«i!)L. a»<ontta)*\"; 7 

*lfc<t^«5 A< > - V $ S 1+ * C t A<|»± ^ *l * (D r- , 

jR^roSdfc * iai± $ 1* * C t Att? $ 4 i: 5 |iJ 
[009 1] aiJt1»»*^&<fSK-/<:/h*. 
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S*(Sl±*ii-, *«EL«^<7)SeS1tf|S|±* 

[0 0 9 2] ^isimt/tmi)<, mnrnxtrnt-^^tsiium 

-SaWlcli, SfittT?. 1/99-99/1, 
<lt. 10/90-90/10, *bl-SfgL<li, 20/80-80 
/20, at»*L<(*, 40/60-60/40A<atftv4. 
[0 0 9 3] IEfl.lftiai1£1b^«lfe'<):i;mfl£A^^1$<b 
^«3a)S^«3^^t*«ll63tS$}KfiE-r§«^lc(*, iE 

[0 0 9 4] lEKWAitit^^tsiism'f-^ix^xkmt 
jfeMw-e, iEfl,l^^Ji1t^b^«^i:m^J^Alj}JS14^b^1^^i: 

r L ^ .5 c t (ii>-r L t. i&gt? )5f t ^. 
[0 0 9 5] *«W(:fcL^r. *a«jjii*. »*L< 

I*. '>^j:< tt-®(»*«f§3t/Ucj!in^T, iEfl,$$S 

* ssMic^ai-r * «-r 5 ^iiiii * lili ^ r t^ 
wicp^i:iiy)?ii-. ii^^fs«$aigib$#, nutnti^ 

^ (Sl± ? 1* § C t A< plfillC 4 o 

[0 0 9 6] *«Wlcfci^r, iETLIUailiir, »*L< 
fiEffl-rSCi:A<-Ct€.fb^«!)i LTI*. fflxlf, xKt 
T'J-^U'^VvvXb&fij ( h'JT'J-/UvT5>'Sl^ 
L h 'J 7 1 -;U v7 S :/ : TPO) , SfStS HftT 5 

>:TPD) . W0/98/30071^(c|Ee5: -CL^S K'jr'j 
-;ur5>^««: (ATP) t < L < fflffl-f S 

[00 9 7] h'JT'J-^UT5>#H* (ATP) 

[0098] 

[<bi 2] 




[0 10 1] *f6WlCfcl,^r, iHzlt. ^SBBa63-29 
5695^'i^«, ^IJII¥2-191694#-4^«, ^MiP3-792 
i^a, ^ig¥5-234681^'i]^a, *#B8¥5-239455# 
'i^ai. ^BB¥5-299174^'ii«, ^fM¥7-126225^ii 
ffl, ^Ba¥7-126226#-'A^a, ^|g¥8-100172#'2^ 
EP0650955Al^d:^lcee$tlTl'^«a««l1b^«l 
^, iEfl,;^A^i£S. X7l;-£AI8lJJ:t/iEfl.lliillS(:ffi 

[0 10 2] ^;flW(cfcL^r, 2liJa±fl)cnb«)<b^ 

14!l*«fWLTt*<. 2aia±(0Ctlf)<D<b^«J*ttffl 

[0 10 3] *f6WI-fct^r. iEfl,|jIJ3l»li, MEIb^ 
irj:or, *T^<b-rsitSizii, 15- "c, e>*-;K© 

)SLM -1 0nni8ga)5iS$KfiE-r€.Ci:A<-C?$Sfc 
«). iEfl,;-iAS(C'f;l-><b;HT>->-fr;i.A</Jv*<, 5I« 

iSfia)jl&$|&llx-rl)<b^1«$ffil^rt, %ite<o&isx 

[0 10 4] *«M(Cfct>T. ST-liiiSIHI-, »*L< 
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X (8-^/'J>'7h) 7)i, = -'^A (Alq3) 

v>BI»». tf'j S v>SI«l*, 'J 

[0 10 5] :f:|^Qqlr^a^r. ffrlEib^ 

^ ^Jtt C t J: o TJKfiE-r * C i: Jfi<r t €>, 

[0 10 6] *«?sicfct>r. ^«fSjts. ifiaA^j 

)iJift-&tMiiE7l;-£A@J3.^t;iE7l)iiia. ^d:^t;i:. 
t(0-ei*)Sl^A<. 1 X 1 0-4/^;?.*;ui9lT-C, isSiSS 

$0. oi-inm/^est-r^ctA^tf^Lt^ &a 

(*. 1x1 0-4/<X*;HfllT<DSEET-e, jl«Lr, » 
J«*n'6Ci:*<»*Ll\ 1 X 1 o-4/^x*;i/jyT<D^ 

-SA^C). S«tta)«aiEL*^-*»*Ci:/i<5l||||c<j§t 

[0 10 7] *l6Mlcj3t^-C. fltSHJtJi, iEfl«ij^ 
B. S'P-lftSaic. 2aiu±a)ib^1^$^W$«^«^ 

JtllitlcJ:oT. lEftHljili. n=f-^KW 

s®. m^jiASfestMis^-«»iia$jgfi£-r4ctA< 

[0 10 8] ;t:|in<0«4KEL«'T-a, ±£11 

JtSi:. ftfi»©m«-CfcS/t>-;U;'iASffii:a)raic. % 
»fit<0ftt«*-;u,tAlil3IS**-rSC t A<»* LL^o 
[0 10 9] cfl)j:5»t, ;n-;ua)S9a/<x*^L. « 

:f p ^7 1? t SS»tn:fl)««;f-.-;uaAIII2lli** 
iaSi:;h-;U;-tAm«<OFai^Efa-r^Ct-C. «3tB'^ 
;tv-;u*a!l*J:<;-tA-rSCtA<t?#. * f>l-36Jt3a* 

»ft«)«i«/h-;uaA«lJIIH*fflt^4ci:-e. ««el 

[0 110] $fc. ft7$U<»i«»lfta)iltt7^-;U,'£A 

^iaisa)4i5£«-i: Lr->'ja>^f>. •y^uT^'^ASfojft 

eVJil±. »$L<li4. 5~6eV(0*a^. ¥*S33J: 
t/:/^/-=iicti^a>K{t:«!i. Klb^. S^blA. 'y-flb 
14). ffl<b«!)a)t»r*i/)Ma»u±$^W$ti-r3>«/<x^ 
ffj fi^r s c <t J: y . ;^x-;^;■^ ASff *> ^> f§ jtsffl© w 
«ia'^ab*j:<*->i'$iiA-r4ctA<-e^4, L*^ 
t.. ««»*^f»*--»U;'iAa«'^©a^-a)8»*«i«il^ 



^1*. 1!£3|Ea)*«/-^-^U;tAB**-r*iR^i:I^SfA^-€- 

y -PI* )S < , Sii-cA* L^f>-r < 

[0111] S«fito)»i«tx-;uaA^3ISi*. ^roS 

tS*A<tf * L < (* 1 ~ 1 X 1 0 1 1 Q • cm, ^ICI x i o 
3~ 1 X 1 o8q . cm-CiiS. S»Stfl>«l«5t«-il'aAlil 
2IB«)«ta**±l2SSffli:-ri)Ct(-J:y. iSt^m^:? 
□ ■!'14$«I^Lfc*$7h-;uaAS)i*$jRaMlcip|± 
$-ti-SCtA<-Ct^o iS«fiiOT«l«/n-^UJ£A«lii®(D 

c<7)i8^, iz-nsKitAJH^-siiKciyais-r* 

[0 112] ±fiE^J(Ott«l*. >;';u-7:r';7A 

fl)U<bi«)-efty. »*L<i* 

(S i 1-xG ex) OylCfc^.^T 

0^ X ^ K 

1. 7^y^2. 2.»*L<I*1. 7^y^1. 99 

<b^'fm-ctK<by;u^-'t7A-etJ:<, -E-ttbros^ 
;uaA«fi6ii«TLr<s<iaiaiA<ftS. *§filcii, IM^ii 

[0 1 13] K%la(D«l«|'-t^-;U;'£Alili£Bli. ^blc 
i/S5>lc»ail. tt*Bi»4. 5eV»ii±a)*a (¥*a^ 
a>K^bia, i^^bl^. S1b#i. y^{b«!i^<):t;{i1b 
«l*#«-r«C4:A<»*Ll^ tt*l!i»4. 5eVia±, 
»*L<I*4. 5~6eVa)*ai*. »*L<l*Au. C 
u, Fo. Ni. Ru. Sn, Cr. Ir. Nb, P 
t, W. Mo. Ta. Pd j3j:t/Co<Z)t^1'*lA>1 a* 

»fc«i<D»-eS«-r*. cHc.<D8Hb1*, Sib 

»*L<l*0. 2-40 im)l%, J:y»*L<l4l ~2 
0 mo\%vm» #*«A<C*iJ:y'>i6:L^i:*-/UJiA 

*«i*±iHa)eiflic-r * c t L t>. 
[0 114] ±e#B$/-rii&a (^^a$#€*) a>tt 

it^. mt^, Sibils. ■^I'lbfljfcJjl/fflib^li. il 
a«ta©ai«*->l'aA«HI»«<'l-»ttLrt^.5. 

[0 1 15] ^»in<omm^--)m\mxkm{zit, t& 
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r. Kr. Xe^$Stf5at%IUT^^LTt>TtJ: 

IK 

[0 1 16] tm, Mti^om&t^-)i^^\mxtm±» 
i\ 

[01 17] m^^(Dmisit^-t\^iixmi&mit. 
[0 118] M»iK<ommt--)i^miSkm<DimtL 

Xit, ff*L<(*0. 3-1 OOnm, J:ytf$L<l*1 
-1 OOnm. i^lC5~3 OnmSgA<ff*Lt\ igSfit© 

»i«j^-;uaAiii$i/i<c4ijiy»<rtJ?<Tt. 
-)umxmt Lx<Distm+i^{zn»v^u<u<tir> 

X<i>o 

[0 1 19] ±iR(Dmi&iK<Dmm^s-)i,^\^-Am<r)9i 

[0 12 0] iS5»ft<D«lffl?t-x-/uaAliS®$X/<'v5i 
0. 1 - lPaa>i5HA<»*Ut^ X/< v$^X(i. 

aa(Dx/<-v^'sai-ffiffl**t*Tj§i4^fx. wiiiSA 

r, Ne. Xe. K rmt^^mXti), ^tz. 
yN2$fflt^TtJ:l^ X/< v^^<D»Hai:Lri*, 
±EX/<'y5i^*XlCftljt02$1 ~9 9%SSS&LX 

[0 12 1] X/<'y^Jii:Lr(4RF«a$ffll^fc«ffl 

3^x/^yalJ^^, Dcx/N*-v^j£^A<fi!fflT?t4, x/< 

•y^Sacom^JtUrtt. »$L<l*RFX/<-y^r-C 
0 . 1-1 0 W/cin2<DiSHA<tf * L < . fiRK U- H4 
0. 5-1 Onm/min , ^(c 1 - Snm/min a)tiBA<» 

[0 12 2] ^m^a)S«;S5^ Lri4. (2 5 

t) - 1 5 otsa-cfts. 

[0 12 3] ;t:|e«a!)««|EL%'FI4. i^lSlaa)flla«^x 



[0 12 4] :$:|e^(=j3l'r. ««E L^iSt*:$]&)£-r 
-5S«tLri*. lfSflSffi/ctilf**7X, 53?)^ 
^\ ill^. Si. GaAs, ZnSe. Z 

nS, GaP. I n P<fi:A<fc(f bH, ^fcCtlbiDlS 

14, Mo, A K P t , I r . A u, P d^if^fflt^S 
[0 12 5] ^^XfttLT, 3XK?)ffi*>C,7JU*'J 

**7XA<ff*Lt^A<. cOTffe. v-ye0i**7x, far 
;u*'j^7X. tv'^^'TK^'^x, 7>u5y^-<«**5 
X, v'j***^xi|(D**7X»flfiEa)t,ot»$tt^ ^ 
ic, v-y*-7X-e, aiiffla<D«tt^**7X«*<Sflii= 

[0 1 26] 3!l^^(Dfl«IS^mffiOTS<b$l»C 

r. Ho, N2 ^a)^^^tt**Xl|A<»*LL^o C 
OTft±^X(D*»#*ftl4, lOOppmiaT, J:y»* 
L<I41 Oppoi JSIT, »lcl4lpipm ^.TXHitZttfiVf 

*LLx. c(D*^^•#*«(cTl8^ll4^*lc^cl^A<, a3» 

0. Ippm ss-efc-s, 

[0 12 7] tt±fi<D«<^i: Lri4. ±IBStfii:S<fS 
^l^»0)t<O. fe^t^l4ll$a!>lftliS»«l«lt. «I«C9I8$ 

[0 12 8] »±«i4. x'^-- ^-$fflt>-cia$^iafi 

U-C(4, «JBe-X, i^*)lj\d-X. :tf7Xt*-X, 

7 X 7 r /\*-siA<^if c>*t. X e-xsf A<«p 

*Lt^ JSte, Mitfilcl!fl»$»mLfc«#lz(4, X'^ 

[0 12 9] x'?-- 9— 14, =fit$t±mmmm'pizmx 

itlXl^Xh. fg3&l^(zSAUT4.J:t^ lf±ffl»««il 
fp(ZtSlii>7.^-^-<D^^mtt. »*L<I40. 0 1 
-3 0Ra96. J:y»*L<l40. 1~5««9«-Cfc' 

[0 13 0] }g3iai|i:Lri4, SSLfcffiSS)S/i<« 

[0 13 1] &mz&:? ii9-m'(>mi/t\t^9i^t: 
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[0 13 2] m&T'fX-^ly^m 

[O 1 3 31 EL^T-««Ai«SitSEftliA<3tl»l|X 
-^fflt^itl*. S^-CDWittt- a^^roaVK^X htlRl 

[0 13 4] ^tz. &n»$'mmoi:otj:9t!t^mmim 

[O 1 3 5] a3t3Egi7Y;U$f-|gl*, ELfEjtOTjtf 

[0 13 6] ^3ttt«l*. »*MI-l*^3ta^i|3l**<S! 
L>tfl)*ffll^iKlift< , E L|g3tiKSa(riaJKA<ai^C 

J^1b#«5 • Jig^8l^«^<b^#i • x^'JiUiS<b^«!i • if 

[0 13 7] m^mizWi^^imLtii^ 

EftiiAfSa ( I TO. I zom <Dfi£IB^ 
[0 13 8] 3ti»ilX«m, *Jfe«*4OT3ti»i|XA<£y^f 

[0 13 9] ^iSkEL^^it. \im.awix>f<)v^^ni 

-3 OV SiS-Cfc-So 
[0 140] 

[|gti«i)] [isffififi] 

(TPD/A I q/Mo03 : L i / A I ffliS) 0 21^ 
5i-rj:9ir, **7X««l±(c, jEfL;tASffi2-Cfc4 

I TOS^iimiSl OOnm^J^fiKLfc. ^(OSfill^S 
««s*,1k$1 0»j||fiLf=». «!*-Cf'J>XLfc. -t© 
a. ^-:^>(CT1 1 0*'C-C8^raKl±'<-'?5tTO 
fc. C<D1 T0f*SffilCUV/03 jfcif^ffofcft, Jl 

[0 1 4 1 1 ITl;-iA*«|ll4i: LTN, N' -'JVx- 
)1>-H. H' -ex (Z-;tf-)l^Vx.=.M -1, 1* -v 
7i:i;U-4. 4* -i/TSV (TPD) *2 0niD. 



5t LTh'JX (8-+/ h) 7^b5-'t7A1 0 On 

[0 14 2] -^iz. m^mt^MTiixmy tLx. m 

o03 tLi i»tKmm^lZ^$>^mMlzX SmB^L 
fc, crott, M0O3 i:L i ©fitffiU-h^ltiro. 
Inm/sectLT. tt:«tt1 : 1 OTtt^-ClSISLfc. L 
i (DslSSSI-li. A I -2 0atm%L i ^*$ffll>r, 

[0143] T;U5:^';7Aa)«^-;tAa«8* 
Stattll»,^lcr 1 SOnmi^fieL, S»l-S i NOftSffi 
9^2 0 OnmJKfiELr^aiE Lm^i'^tz, 

[0 14 4] fiEHcosstt^a^fctoic. m^^a 

AJi»/«ICfct^T. lfe^ft«l*O)ia)BI0ai-«»LT1 
0 0lHl|-ffi^-r€.EI5»fl)l$K^3?liSLf=A<. sS^Ott 
^^jt:-K;3SEai*Me>*ir, *fc«Ki^<Di!ji^xtfic 
b L f=fiElSA<fT^d: ^ tz o 
[0 14 5] SilS$;h.f=m?-j£A)8a>x|g(5]«r^$$i3 

■r, 7'*;U7TXttSlz/j:oTL»-5Ci:A<t5A^4„ 
[0146] ca)J:3(=L-C<^a8Lfc*mi(l^(cfcL^ 
•C, SSM#tt*ailSL/-ci:C5, aSSffiSi OinA/cm2 
lCfcl+SaEA<5. 7V. aSA<3 2 0ccl/ni2 -efco 

tZo 

[0147] mmm 2 ) ^sim^ a as t l r^^b^ 

T^l/ : 'J5^'!7AiiifiE5(*«lfC 10:0, 10:1, 
5:1,1:1,1:3.1:6,1:2 5i:S<b? 

■B-, mMtmmm^ tmmz^mELm^iY^siLtz. 
[0148] c<D*3(cur»C)nf=-9->^^Koe«i« 

[0 14 9] 04A^^>, 'j?^'t7AA<#$*l'Sl^i:C5-e 
li5BI!imEA<:<tt<S1bLTt>4Ci:A<t3*>S. 

[0 15 0] ia±a)S«J:y, K{b^'J3^x>«(c'j^ 

r*1tt:«%A^f>(*«7 0%-Cfe^C<b:A<*5A''-S. $f=, 
m2fiE»<7)^^«(i. mifiE5^i:m2fie»<7)#afiE»ro 

aiW-(c«Lri*, 0. 1 ~i 6a«%A<»$Li^ct/)< 

tits' h. 

[0151] inmm'i mmni-^Kmt Lxm^^ 

') : B<by^'t7A<oaaS'Si§fi£$«4')fco 

L. JI2S*1 X 1 0-2palclS»U. 'J^-^^A^/ifcH* 
(-M<br6cfc-c. KfitLfc. »<bt'J:?x>:»<b'J 

AtflfiE^(*atfct? 10:0,10:1.5:1, 
1:1, 1:3. 1:6, 1 : 2 5 1 2t<b2F#/:(S 
I*, l8IS«ltP»l::LT««EL*^-*f^»Lfc. 
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[0 15 2] Cfl)j:3l::Lr»c>*ifc-y->:^;ua)ffillia 
[0 15 3] ia5/i>f>Mf>A^^fJ:3l-. HJSW 3 t liJtt 

ASS 7 Ott:«%UlTA<»* Lt^o 
[0 15 4] *fc, m-7-;"iAB<0»fiElCfSL. Mo 03 
t L i (DftiR»*ff*5r, L i 2M0O4 ©tt^UfcH) 

[0 15 5] [|I!£0I|4] 

(I TO/T PD/A I q/Mo03 : N a/A I 
if) ««m^jiAS<tLr. Mo 03 tNa^^t^St? 
5ntnJ&^Lf=(S*^l*IIJ6«1 i:ll»lCLr*«EL«T* 

[0 15 6] fib^xfc^^^siiifiwi tmmi-Lxwm 

LtztZb. mffiffiSi OniA/cm2(cfclt«)SE*<5. 
9V. SS3 0 0cd/m2 tU-otz. 
[0 15 7] Cllifi«ll5] 

(I TO/TPD/A I q/Mo03 :Cs/AlW 
iS] ^^m^JiAStLT. Mo 03 tCs^*IIS-C- 

5mf&^Ltziify^ttm^m\twimzLx^m.mi-i: 

[0 15 8] {#b;h,fc^^^llffifi<]1 i:l^*$lcLTl¥ffi 
LtztZb, S35SS1 0iiiA/cin2|c33lt-i»aEA<6. 
OV. «lt2 9 0cd/iii2 tU-^tzo 

[0 15 9] ttz. mmmu 4, 5<o*«eur^-i*. 
aeiffiBir j:ss«4iai?^JA<t^-r*tt 3 0 0 oa^ra 

(atl 0 0cd/ni2 »») Jil±-Cfcy, JC»'S#^SW 
[0 160] C3ltfe«l|6) 

(1T0/Ge02: I n 2O3/ vXT 'J ;UT "J — U> 
SI9f|:+ 3 % vXf- «J ;UT 'J - U >7 5 >S|j9t*:/M o 
03 : L i / A I WiS) IE?lj£A«« I TO±IC, mm 
iEl\.rt.XmtLXGe02 : I n203 
y-yhlflfi£85: 1 5niol%) Inm^J^fiKLfc, 

[0161] ^IZ. W««3ltSl-. 't:^ K^Hi LTT 
U<D^t^ 5-e^**l4vX^'J;U7''J-U>«i»»:lZ. 
Si:< K-/<>h«J»i:trTIE<D<b1 6-e**^t-5v 

mmii< 1 0 onm(o«ffiieitii$is^ttiiift^iSi«icrigfie 

[0 16 2] 

[Ibi 5] 




IDBI20 : v;^9''j;W7U-l/ 
Ar: yU-Jl'S (Ml 
R : B»S CH,9 



[0 16 3] 
[<b1 6] 



Ar 



Ar:7g-;HS (Mt 
R:Bt6S 0139 

[0 16 4] lifiis'f^^Aia^. m^l&m^t^¥li 

(C. Mo 03 i:L i ®JtII3S-e5nni}KfieLs 7iU5©ffi 
$1 5 0nmJ^)SL. *taEL«T^<^» Lfc, 

[0 16 5] ^ii>Mzm^^mmm^ tmmzLx^m 

LtztZ^. asaffiS 1 OmA/cm2|cfcMt4SEA< 1 

2. 4V, SIS3 5 Ocd/m2 T'&ofco 
[0166] CIIS6ff'l7) SI!iS«? 1 l^iSl^r, L i left 

[0 167] [||it«"l8l HiSSeilKcfca^T, ITOm 

1 OOnm^BL. EftaASt Lfc. 
[0 168] 
[<b1 71 



0 



^CH3 



[0 1 6 9] jRt^-e. mmzLXTUm&OrPDiA 

[0 17 0] 
[fbl 8] 
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[0 17 1] jRic. n-KnniftmtLx. Tizm&or 

:^h^-b>8l»«: : TPD : ftSJt?. 
5:2. 5:0. 3 ^ ^ J: 9 IC. ^92 Onina)J9$(C 

[0 17 2] 

[it^ 9] 




[0 17 3] m2(Dfl3tSi:Lr. Jhx hlftSl- 
±E7>K7-b>»3M*i:TPD*. K-/<>h«!»4: 

T5>i8S»«:5, -E-*l.-e;h.|*«a:-e7. 5:2. 5 : 

(o 1 7 41 *bic. msronateStLT. ±ffir>K 

2 OnmlcliEMLfco 
[0 17 5] ST-jJA^JMSt LT. A I q3 ^ 

igi$i onni/£jsL. mtstM^i-^xmi, mmmi t^m 

IC, Mo 03 t L i a)fti!IST?5nni»fiKL, T^USI^ft 

[0 17 6] mi^>hhm^^mm9i^ tmmzLxwm 

LtztZ^, Sffiffigl OniA/cni2(rfcl+^mEA<6. 
7V, »JS8 4 0cd/in2 -eftofc. 
[0 17 7] C(DJ(l?-$, 8 5°CI-r 1 oo^iyjftSL 
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